Hydroxychloroquine sulfate is widely used for the long-term treatment of autoimmune conditions but can cause irreversible toxic retinopathy. Prior estimations of risk were low but were based largely on short-term users or severe retinal toxicity (bull's eye maculopathy). The risk may be much higher because retinopathy can be detected earlier when using more sensitive screening techniques.
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Supplemental content at jamaophthalmology.com H ydroxychloroquine sulfate is used by physicians in many specialties for the long-term treatment of lupus erythematosus, rheumatoid arthritis, and other autoimmune conditions and is being considered for wider applications, such as the management of diabetes mellitus. While hydroxychloroquine has few systemic adverse effects, longterm use may lead to irreversible and potentially blinding retinal toxicity.
1 This adverse effect has been considered rare (estimated occurrence in 0.5%-2.0% of long-term users [2] [3] [4] ), but the risk may in fact be considerably greater. Most existing data about the prevalence of hydroxychloroquine retinal toxicity come from studies 2,3 based primarily on short duration of use and on diagnosis at an advanced stage of visible retinal damage. However, retinopathy can be detected much earlier by central visual field testing and modern techniques, such as spectral-domain optical coherence imaging (SD-OCT).
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Because hydroxychloroquine distributes poorly in fatty tissues, 6 it was suggested earlier 7, 8 (and reinforced by current American Academy of Ophthalmology screening guidelines 9 ) that dosage should be calculated by ideal body weight to reduce the theoretical risk of overdosing obese patients. A daily dose of 6.5 mg/kg of ideal body weight has been generally recommended based on studies 7, 8 that found few cases of severe retinal toxicity below 6.5 mg/kg of real body weight, but this value has never been evaluated to our knowledge. We studied a large population of long-term hydroxychloroquine users whose retina was evaluated with sensitive diagnostic techniques. The data suggest that hydroxychloroquine retinopathy is not rare and that alternative dosing criteria and awareness of specific risk factors may enhance the safe use of this drug.
Methods
Kaiser Permanente Northern California (KPNC) is an integrated health organization with a diverse population of approximately 3.4 million members. The organization has used electronic medical records for more than 20 years, and digital ophthalmic images have been reviewable on all patients since 2009. After KPNC institutional review board approval, we queried the pharmacy database for patients (n = 3482) taking hydroxychloroquine as of January 1, 2009, for a minimum of 5 continuous years, with a maximum gap in therapy of less than 1 year. Because we are reporting only on aggregate data obtained by medical record reviews, informed consent from individual patients was not deemed necessary by the institutional review board.
Inclusion criteria were a reliable central visual field examination or SD-OCT (2361 patients [67.8%]) , techniques that can demonstrate retinopathy before any visible fundus change. Excluded were 654 patients (18.8%) who were screened only by fundus examination (photography or ophthalmoscopy) and 348 patients (10.0%) who had no evidence of screening. Also excluded were 119 patients (3.4%) with prior chloroquine use or significant retinal comorbidity, such as macular degeneration or diabetic retinopathy. Demographic characteristics of the included and excluded populations were similar (eTable in the Supplement).
A sequence of findings with visual field testing and SD-OCT, from mild to severe, is shown in Figure 1 . Fields could use white or red targets, 10 and all were performed using standard equipment (Humphrey perimeter; Carl Zeiss Meditec). The SD-OCT recordings were performed with a standard instrument (Spectralis; Heidelberg Engineering). Retinal toxicity was judged by characteristic damage on visual field testing or SD-OCT ( Figure 1 ) and was confirmed to be unequivocal by both of us. For visual field testing, toxicity meant partial or full ring scotomas mainly involving the parafoveal region. 10,11 For SD-OCT, this meant predominantly parafoveal thinning of the outer retina and loss of photoreceptor outer segment marker lines (ellipsoid zone and interdigitation zone). 5, 12, 13 Most patients (2020 [85.6%]) had started taking hydroxychloroquine after the computerized pharmacy system was implemented, and their medication use was calculated from the number of tablets dispensed. The remainder (341 [14.4%]) started taking hydroxychloroquine a mean of 4.5 years before joining KPNC or before implementation of the pharmacy system. Their use for the additional years was calculated from prescribed amounts and was adjusted by their mean compliance rate when tracked by the pharmacy database. Throughout this article, dosage is expressed as use (ie, consumption rather than prescribed dosage) relative to real body weight unless explicitly stated as ideal body weight. Ideal body weight was calculated using a simplified formula: for women, 100 lb for the first 5 ft of height, plus 5 lb for every inch of height over 5 ft; and for men, 110 lb for the first 5 ft of height, plus 5 lb for every inch of height over 5 ft (for women, 45 kg for the first 1.5 m of height, plus 2.3 kg for each 2.5 cm of height over 1.5 m; and for men, 50 kg for the first 1.5 m of height, plus 2.3 kg for each 2.5 cm of height over 1.5 m).
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We estimated the mean glomerular filtration rate (GFR) during the course of hydroxychloroquine therapy using the 4- sures, and all reported probability values are 2-sided. Odds ratios were derived using logistic regression analysis.
Results

Study Findings
Our results show that the prevalence of hydroxychloroquine retinopathy is much higher than previously recognized and depends on risk factors such as daily dose, duration of use, and kidney disease. The results also suggest the need to revise the way that dosage is calculated to minimize risk. We identified Overall Risk Table 1 lists the clinical characteristics of our patient population. Of 2361 patients who had taken hydroxychloroquine continuously for at least 5 years and who had 10-2 visual fields or SD-OCT, 177 (7.5%) showed clear signs of retinal toxicity ( Figure 1 ). None of the primary medical indications for hydroxychloroquine therapy were significantly associated with an increased prevalence of retinal toxicity. A multivariable logistic regression analysis was performed (Table 1) on those factors that showed significant differences by univariate analysis, along with age (which has been postulated to increase risk).
Daily use, duration of use, concurrent tamoxifen therapy, kidney disease, and lower weight were correlated with retinal toxicity, but age and sex were not. Additional univariate logistic regression analysis showed the effect of factors that have frequently been used to estimate the risk of retinal toxicity for individual patients ( Table 2) . Of 177 patients diagnosed as hav- 
Measurement of Real vs Ideal Body Weight
We calculated receiver operating characteristic curves ( Figure 2A ) to assess the sensitivity and specificity of real vs ideal body weight in predicting retinal toxicity and found that real body weight is a better predictor of retinal toxicity (receiver operating characteristic curve area, 0.78 for real body weight vs 0.75 for ideal body weight; P = .03). Because current dosing recommendations advise 6.5 mg/kg of ideal body weight, 9 it is important to have a comparable value in real body weight to aid in the interpretation of population data. If one looks at the distribution of patients comparing use by real body weight with use by ideal body weight (eFigure 1 in the Supplement), 6.5 mg/kg of ideal body weight corresponds approximately to 5.0 mg/kg of real body weight along the regression line (patients were typically approximately 25%-30% heavier than ideal body weight). This value is also realistic in terms of rheumatologic practice because most of our patients (1828 of 2361 [77.4%]) were in fact consuming less than 5.0 mg/kg of real body weight. Furthermore, the prevalence of retinal toxicity relative to real body weight is essentially independent of body habitus ( Figure 2B ), whereas the risk is much higher in thin individuals using ideal body weight ( Figure 2C ). Because of these findings, we have used real body weight for all subsequent presentations in this article and 5.0 mg/kg of real body weight as a division between judicious and excessive use.
Dosage and Duration
Kaplan-Meier curves in Figure 3A show the cumulative risk in the population for 3 different ranges of dosage per kilogram.
Patients with a mean daily use exceeding 5.0 mg/kg had approximately a 10% risk of retinal toxicity within 10 years of treatment and an almost 40% risk after 20 years. Patients using an intermediate amount of 4.0 to 5.0 mg/kg had risk of less than 2% within the first 10 years of use but almost 20% risk after 20 years. These medication use values are based on pharmacy dispensing information and were on average approximately 20% lower than the prescribed dosage because of variable patient compliance.
The smoothed hazard estimates in Figure 3B show the incremental risk of retinal toxicity (annual risk) that a patient without retinal toxicity faces in each ensuing year. For use of 5.0 mg/kg or less, this annual risk is less than 1% in the first decade of use but rises to almost 4% after 20 years and is 2 to 3 times higher at use exceeding 5.0 mg/kg. Figure 3C shows more directly the continuous interaction of use and duration of use in determining the prevalence of retinal toxicity. No dosage is completely safe, but regulation of either factor will greatly reduce the risk from the other.
Other Risks Effect of Kidney and Liver Function
The kidneys are the main mechanism for clearance of hydroxychloroquine, 8 and decreased renal function leads to higher serum concentration. 16 Kidney disease markedly increases the risk of retinal toxicity (Table 2) , and eFigure 2 in the Supplement shows the relationship between retinal toxicity and the GFR. A drop in kidney function by 50% leads to an approximate doubling of the risk of retinopathy. Although hydroxychloroquine is partially cleared by the hepatic system, 7
we found no increase in the risk of retinal toxicity from liver disease.
Exposure to Tamoxifen
Patients who had concurrent tamoxifen therapy for breast cancer were at greatly increased risk of the development of retinal toxicity (Table 2) , and retinal toxicity correlated with greater cumulative tamoxifen intake (P = .03). In contrast, patients treated for estrogen receptor-positive breast cancer with concurrent anastrozole did not appear to have a similar increase in risk. None of the patients who took hydroxychloroquine and tamoxifen concurrently showed crystalline deposits or macular edema that is characteristic of tamoxifen retinopathy, 17 but they all had parafoveal outer retinal damage and were classified as having hydroxychloroquine retinopathy.
Discussion
We found that 7.5% of long-term hydroxychloroquine users screened with modern techniques showed evidence of retinal toxicity. This prevalence is approximately 3 times higher than previously reported, 2-4 but the risk to an individual depends on dosage and duration of use. Prior studies 2,3 included patients with shorter duration of use and depended mainly on the development of bull's eye maculopathy to detect retinal toxicity. In contrast, most of our patients diagnosed as having retinal toxicity were detected before bull's eye maculopathy was visible. A limitation of our study is that approximately 30% of long-term hydroxychloroquine users initially identified were excluded because of a lack of sensitive screening studies or for comorbid retinopathy. However, the excluded group showed demographic characteristics similar to those of the included group (eTable in the Supplement), and we do not believe a major difference would exist in their prevalence of retinopathy.
Our data show that, although no hydroxychloroquine use is completely safe, the risk of retinal toxicity can be kept low with careful dosage adjustment and with shorter periods of use. However, the risk rises markedly with concurrent kidney disease, and the prevalence can exceed 50% with use above 5.0 mg/kg and with duration beyond 20 years. A, Receiver operating characteristic (ROC) curve of the prediction of retinal toxicity by real body weight compared with ideal body weight. The difference in the area under the ROC curves is significant (P = .03). B and C, Effect of body habitus on the rate of retinal toxicity, comparing a daily use cutoff level of 5.0 mg/kg real body weight (B) to a cutoff level of 6.5 mg/kg ideal weight (C). Body habitus is indicated by body mass index (BMI, calculated as weight in kilograms divided by height in meters squared).The lines show adjusted predictions after logistic regression analysis of BMI and retinal toxicity with 95% CIs. droxychloroquine also correlate better with real body weight. The empirical use limit of 5.0 mg/kg of real body weight that we suggest should be sufficiently high to provide medical relief for most patients because it is in fact equivalent to the current dosing recommendation of 6.5 mg/kg of ideal body weight for patients of ordinary habitus 9 (eFigure 1 in the Supplement), and most of our patients were being maintained medically on less than 5.0 mg/kg of hydroxychloroquine sulfate. It is important to emphasize that our data represent pills dispensed, and many of our patients who were prescribed at a dosage of 6.5 mg/kg of ideal body weight were using a lower amount because of imperfect compliance. Dosing by real body weight will be simpler to calculate than by ideal body weight, and the main effect clinically will be a reduction of dosage for thin patients (many of whom may be receiving high dosages by the criteria of this study). However, it will be incumbent on physicians to consider compliance in the prescription of this drug. Maintaining daily use at 5.0 mg/kg or less would keep both the cumulative risk and annual risk of retinal toxicity low, especially for the first 10 years of use. Because hydroxychloroquine takes several months to reach stable blood levels, 19 dosing can be adjusted to weight by omitting or splitting tablets on certain days of the week. In theory, it would be ideal if hydroxychloroquine dosing could be guided by blood levels, but studies 19, 20 have found wide variations, and the results suggest that blood concentrations in an individual do not correlate closely with dosage, weight, or clinical effectiveness. However, blood levels may aid in judging noncompliance or the effects of kidney disease. 16, 18, 21 Our prevalence data apply to the overall population of longterm hydroxychloroquine users, and risk rises markedly after 10 years of use. However, in rheumatologic practices, many patients benefit from the use of the drug for much longer periods, and it is important to know the annual risk as they stay on the drug regimen. The smoothed hazard estimates ( Figure 3B) show that a patient who shows no signs of retinal toxicity at a given point in time and is not overdosed will have a risk of developing retinal toxicity during the ensuing year of approximately 1% after 10 years of use and an annual risk of less than 4% after 20 years of use. These data should serve to reassure medical specialists that the drug can be prescribed safely for extended periods with understanding of the ocular risks and with effective screening. quine retinal toxicity is an important economic and patient safety issue. Retinal toxicity from hydroxychloroquine use cannot be completely prevented, but effective screening should recognize retinal toxicity before symptoms or significant risk of central visual field loss appear (ie, before the appearance of bull's eye maculopathy). Screening requires the use of tests, such as 10-2 visual fields and SD-OCT (and other modern techniques, such as autofluorescence imaging and multifocal electroretinography 22, 23 ), to demonstrate early retinal damage. We have shown that 10-2 visual fields are sometimes more sensitive than SD-OCT in revealing retinal toxicity. 24 However, SD-OCT is more specific and objective, and we suggest the use of both tests when available. With effective screening, retinal toxicity can be recognized at an early stage when patients are typically asymptomatic and disease is unlikely to progress.
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Our results confirm the basic principles of screening recommended by the American Academy of Ophthalmology. However, we propose the use of real body weight rather than ideal body weight to calculate daily dose, along with possible adjustment for patient compliance. Our data show that age is not a risk factor, but our findings emphasize the importance of kidney disease, which raises the effective blood level of hydroxychloroquine.
16 Unexpectedly, we also found a strong relationship between retinal toxicity and tamoxifen use. Tamoxifen is a retinal toxin in its own right, although most cases of tamoxifen retinopathy were reported early in the history of the drug when higher dosages were prescribed. 26 Our data indicate that chronic low-dosage administration of tamoxifen has an adverse synergism with hydroxychloroquine, and the effect is related to the cumulative dose.
Conclusions
These data suggest that hydroxychloroquine retinopathy is more common than previously recognized, especially at high daily intake and with long durations of use or in the presence of kidney disease or concurrent tamoxifen therapy. Daily use of 5.0 mg/kg of real body weight or less is associated with a low risk for up to 10 years of use. We anticipate that these data will help physicians develop prescribing patterns that maintain patients on this valuable medication while minimizing the risk of retinal toxicity.
